Obstructive sleep apnea (OSA) has been associated with psychiatric pathology. Psychiatric comorbidity in OSA may affect patient quality of life and adherence to CPAP. A focused evaluation of OSA in highly selected groups of primarily psychiatric patients may provide further insights into the factors contributing to comorbidity of OSA and psychopathology. The goal of this study is to examine the prevalence and treatment of OSA in psychiatric populations. Methods: A systematic review following the PRISMA guidelines was conducted to determine the prevalence of OSA in schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders, and to examine potential interventions. The PubMed, EMBASE, and PsycINFO databases were searched (last search April 26, 2014) using keywords based on the ICD-9-CM coding for OSA and the DSM-IV-TR diagnostic groups. Results: The search retrieved 48 records concerning studies of OSA in the selected disorders. The prevalence studies indicate that there may be an increased prevalence of OSA in individuals with major depressive disorder (MDD) and posttraumatic stress disorder (PTSD), despite considerable heterogeneity and a high risk of bias. There was insuffi cient evidence to support increased OSA in schizophrenia and psychotic disorders, bipolar and related disorders, and anxiety disorders other than PTSD. Studies of treatment of OSA indicate an improvement in both OSA and psychiatric symptoms. CPAP adherence was reduced in veterans with PTSD. Conclusions: OSA prevalence may be increased in MDD and PTSD. In individuals with OSA and psychiatric illness, treatment of both disorders should be considered for optimal treatment outcomes. Citation: Gupta MA, Simpson FC. Obstructive sleep apnea and psychiatric disorders: a systematic review. J Clin Sleep Med 2015;11(2):165-175. pii: jc-00069-14 http://dx.doi.org/10.5664/jcsm.4466
Eligibility Criteria
The inclusion criteria are: subjects with clinically diagnosed schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders and an OSA diagnosis conducted using PSG. A clinical diagnosis for a psychiatric disorder must have been established by a clinician using an interview or clinicianrated scale. Psychiatric disorders were classified based on the system used in the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text revision (DSM-IV-TR), although studies using prior editions were also acceptable. 21 This diagnosis could be determined prospectively from the patient, through a chart review, or through the use of insurance coding using the International Classification of Diseases, Ninth Revision (ICD-9) or 10th Revision (ICD-10). 22, 23 The criteria for OSA required a PSG (single or split-night) meeting the International Classification of Sleep Disorders, 2nd edition (ICSD-2) criteria for OSA with AHI ≥ 5 events/h or the respiratory disturbance index (RDI) equivalent. 1 The exclusion criteria were: non-English language articles, review articles, and animal studies.
Information and Sources
The search was conducted in PubMed (including MEDLINE), EMBASE (from 1974) via OVID, and PsycINFO (from 1806) via OVID up to April 26, 2014. The search terms were based on the ICD-9 codes for schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders. These diagnostic groups coincided with the respective DSM-IV-TR categories for these disorders. 21, 22 The full search strategy for PubMed can be viewed in Table S1 (Appendix 1). Additional articles were identified by hand search of the reference sections of relevant papers.
Study Selection
Full text articles were evaluated for inclusion by 2 independent reviewers (FS and KK), and disagreements were resolved by discussion to reach a consensus. Study populations discussed in multiple articles were grouped under a single study identifier by the final report (i.e., preliminary conference abstracts would be found under the identifier for the final published journal article) (Appendix 2).
Data Extraction
Data extraction was conducted independently by FS using a standard form for prevalence and intervention studies. The data collected for prevalence studies included the study identifier, sample size for any groups, gender, characteristics of the study population, the mean age, mean BMI, psychiatric medications used, psychiatric diagnostic criteria, and OSA diagnostic criteria. The data collected for intervention studies included the study identifier, sample size for any groups, gender, characteristics of the study population, psychiatric medications used, psychiatric diagnostic criteria, OSA diagnostic criteria, type of intervention, duration of intervention, study outcome measures, and results of the outcome measures. The authors of studies with missing or incomplete data were contacted via email to request additional data. In several large epidemiological studies of concurrent diagnoses of OSA and psychiatric disorders, the scores of the prevalence of psychiatric disorders in OSA were converted into scores for the prevalence of OSA in psychiatric disorders where the data permitted conversion. [24] [25] [26] 
Risk of Bias
The quality of the included studies was evaluated by 2 independent reviewers (FS and KK) using the Hoy tool for assessing risk of bias (RoB) in prevalence studies and the Cochrane Risk of Bias tool for interventions. 27, 28 Case reports were not assessed for RoB. The inter-rater reliability between the reviewers' RoB assessments was assessed using Cohen's κ in IBM SPSS Statistics 20 (Armonk, NY). 29 
RESULTS

Included Studies
Our search identified 974 individual manuscripts relating to psychiatric disorders in subjects diagnosed with OSA. Of these, 48 records containing 44 studies concerned subjects with clinically diagnosed schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders, who were evaluated by polysomnography for OSA (Figure 1; Table S2 , Appendix 1).
Study Design
The included studies for prevalence were categorized based on whether they were population-based samples, clinical or Review Article inpatient samples. Overall, most prevalence studies were based on sleep clinic referrals or inpatient psychiatric populations. Due to the heterogeneous nature of the study populations, no pooled estimates of population prevalence were possible (Appendix 3, Section A). The inter-rater reliability score for RoB for prevalence studies was 0.871.
The search for intervention studies resulted in a combination of case reports and prospective and retrospective studies. These studies also presented a wide variety of interventions for OSA in subjects with psychiatric disorders, including CPAP, armodafinil, and uvulopalatopharyngoplasty (UPPP). RoB was only assessed for prospective and retrospective studies meeting the inclusion criteria, due to the obvious sample size bias of a report on a single individual (Appendix 3, Section B). The inter-rater reliability score for RoB for intervention studies was 0.828. Intervention data, categorized by psychiatric diagnosis, are subsequently presented.
Subjects
Excluded Studies
There were 82 excluded studies based on the full text review (Figure 1 ; Table S3 , Appendix 1). The reasons for exclusion are presented in Table S4 (Appendix 1). The most common reason for exclusion was the lack of a clinical psychiatric diagnosis, followed by lack of diagnostic PSG.
Prevalence
Schizophrenia and pSychotic diSorderS Schizophrenia: There have been 2 clinic-based studies conducted on the prevalence of OSA in schizophrenia ( Table 1; Table S5 , Appendix 2). 24, 30 The clinic-based studies reported a prevalence range of 0.73% to 48.0%, and both studies had high risk of selection bias. The discrepancy between the reported prevalence is likely due to Levine reporting prevalence in consecutive psychiatric inpatients, while Winkelman reported prevalence in psychiatric patients with sleep clinic referrals, which is a substantial bias towards a higher prevalence of OSA. 24, 30 Schizoaffective Disorder: A single clinic-based prevalence study has been conducted on the prevalence of OSA in schizoaffective disorder ( Table 1; Table S5 , Appendix 2). 30 Levine found that the prevalence of OSA was 3.2% in 93 subjects with schizoaffective disorder.
Pooled Schizophrenia and Psychotic Disorders: There has been one clinic-based and one population-based study on pooled schizophrenia and other psychotic disorders. 25, 31 The clinic-based population showed a 48% prevalence of OSA in mixed schizophrenia and schizoaffective disorder participants. 31 The population-based study conducted using the United States Veterans Health Administration (VHA) records reported an OSA prevalence in pooled schizophrenia and psychotic disorders of 4.52%. 25 
Mood diSorderS
Bipolar I and II Disorder: There were 5 studies that reported the prevalence of OSA in bipolar I and II disorders (BD); 4 clinical studies and a single population-based study ( Table 1;  Table S6 , Appendix 2). 24, 25, 30, [32] [33] [34] In the clinic-based studies, the prevalence of OSA ranged from 2.9% to 69%. All 4 studies were at a high risk of selection bias. The range of prevalence may be related to the clinical population studied. Hattori reported the highest prevalence of 69% in a population of individuals with BD requiring a depression score on the HAM-D ≥ 10 and clinical signs of OSA. 32 This study has the greatest selection bias for OSA due to the requirement for active depressive symptoms and clinical signs of OSA. The lowest prevalence reported was 2.9% by Levine in a study of consecutive psychiatric patients at a state hospital where no pre-existing sleep symptoms were required for inclusion. 30 The populations of psychiatric inpatient sleep clinic referrals and consecutive BD patients showed moderate prevalence of 18.5% and 21%, respectively. 24, 33 In Winkelman, there is a selection bias for psychiatric inpatients with sleep disturbance that is not specific to OSA and a reduced diagnostic threshold of an RDI > 10. 24 In Kelly, the study participants are consecutive outpatients, but the criteria for OSA are more stringent; requiring presenting EDS for diagnosis if the AHI is > 5 and < 15 events per hour or an AHI ≥ 15. 33, 34 In the population-based study, the reported rate of OSA in BD was 6.94% in the VHA database. 25 Major Depressive Disorder: Ten studies on the prevalence of OSA in individuals with major depressive disorder (MDD) were identified-8 clinic-based studies and 2 population-based studies ( Table 1; Table S7 , Appendix 2). [24] [25] [26] 30, 32, [35] [36] [37] [38] [39] The clinic-based studies range in prevalence from 0% to 66%. Seven studies were at high risk of selection bias, and one study was at moderate risk of selection bias. The lowest prevalence of 0% was found by Levine in a sample of consecutive psychiatric inpatients without sleep symptoms. 30 The highest prevalence of 66% was found by Carney in subjects with comorbid coronary heart disease who have an increased risk for both depression secondary to CHD and for OSA due to pathophysiologic factors underlying CHD including obesity. 36 High selection bias for pre-existing sleep symptoms was present for sleep disturbance in Winkelman (12%) and insomnia in Ong (39%). 24, 37 A specific depression severity was required for inclusion for the studies of Deldin (53%), Hattori (53%), and Summers (46.7%). 32, 35, 38 The final study, Mysliwiec, was conducted in a military population where routine PSG is a postcombat requirement, which may increase the reporting bias for OSA. 26 Overall, 6 of the 8 clinic-based samples reported an elevated rate of OSA in MDD. In population based studies, Sharafkhaneh reported a prevalence of 7.4% in the VHA vs. 44% for a community population sample in Hrubos-Strom. 25, 39 This difference may be affected by sample size, as the final sample of MDD patients in Hrubos-Strom was 36 subjects, compared to 358,817 in Sharafkhaneh. Dysthymia: A single study was identified that reported the prevalence of OSA in dysthymia. Hrubos-Strom 2012 reported that 3 of 5 (60%) individuals with dysthymia had a clinical diagnosis of OSA; however, the sample size and moderate RoB limit the generalizability of this data. 39 
anxiety diSorderS
Three studies reported the prevalence of pooled anxiety diagnoses ( Table 1; Table S8 , Appendix 2). 25, 26, 39 The clinicbased sample in Mysliwiec reported a prevalence of anxiety disorders excluding PTSD as 47.5% for their time interval. 26 This study was at a moderate RoB, as it included all diagnostic PSG performed on postcombats veterans as a routine measure. Hrubos-Strom reported a rate in current anxiety disorders including PTSD as 58.1% in a moderate RoB community survey-based sample. 39 This study is also the only study to report prevalence for individual anxiety disorders other than PTSD ( Table 1; Table S8 , Appendix 2). The prevalence of OSA was 58.8% in panic disorder (n = 17), 100% in agoraphobia without panic disorder (n = 2), 53.8% in social phobia (n = 13), 40% in obsessive compulsive disorder (n = 5), and 57.1% in generalized anxiety disorder (n = 14), respectively. However, the small sample sizes limit the generalizability of these results. The population-based study Sharafkhaneh reported an OSA prevalence of 6.4% in anxiety disorders including PTSD in the VHA. 25 The anxiety disorders represented the most heterogeneous group, as some studies pooled all anxiety disorders under one grouping while others either excluded PTSD or reported on individual diagnoses.
Posttraumatic Stress Disorder (PTSD): There were 9 studies that reported the prevalence of OSA in PTSD; 7 studies were clinic-based and 2 studies were population-based ( Table 1; Table S9 , Appendix 2). [24] [25] [26] [39] [40] [41] [42] [43] [44] The clinic-based studies reported a prevalence range of 0.7% to 83%. 24, 26, [40] [41] [42] [43] [44] Six studies were considered to have high risk of selection bias, and one had a moderate risk of selection bias due to population sample, sleep symptom requirements, and/or PTSD severity. Kinoshita (83%) and Yesavage (69%) required participants to be male, aged ≥ 55 with a CAPS score ≥ 40, each of which acts as a selection bias towards increased OSA prevalence. 41, 42 Two studies by Mysliwiec 26, 43 examined postcombat PSG in military personnel, and the second of these 43 required a PTSD Checklist Military Version score ≥ 50, both of which act as selection biases. The van Liempt study also included male veterans with a CAPS score > 50. 44 The 2 civilian clinic samples reported the lowest prevalence of OSA in PTSD. Winkelman included consecutive psychiatric inpatients with sleep disturbances as selection bias. Krakow recruited crime victims with nightmares and insomnia with a PTSD severity requirement of Posttraumatic Stress Diagnostic Scale (PSDS) score ≥ 11. 40 The population-based studies reported a prevalence range of 46.4% to 50%. 25, 39 These studies were at a low and moderate RoB, respectively. Six of the 9 studies were conducted in past and present military populations, which reported a range of 42.7% to 50% for both classes of study. 25, 26, [41] [42] [43] [44] Civilian populations had the greatest discrepancy in prevalence rates from 0.7% to 50%. 24, 39, 40 Interventions Schizophrenia and pSychotic diSorderS
Ten case studies were identified concerning the treatment of a spectrum of schizophrenia and psychotic disorders in individuals with undiagnosed OSA ( Table 2; Table S10 , Appendix 2). [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] Case reports concerned men in 83.3% of included studies. The most common intervention for OSA was CPAP in combination with existing psychiatric medications. In all but one case, CPAP resulted in improvement in excessive daytime sleepiness and negative psychotic symptoms. Chiner was the sole report of an acute psychotic episode induced by CPAP therapy. 47 Lee was the sole case report on adenotonsillectomy resolving a subject's psychosis and OSA; this patient also had temporal lobe epilepsy, which could have been the basis for the psychotic symptoms. 45 There are no available clinical trials evaluating the impact of the treatment of OSA on the presentation of symptoms of schizophrenia.
Mood diSorderS
Bipolar Disorder: Four case reports on the relationship between CPAP and manic episodes have been reported for individuals with BD ( Table 2; Table S11 , Appendix 2). [55] [56] [57] [58] In 4 cases, male subjects were admitted for depressive episodes where OSA was diagnosed after observation and PSG. 55, 56, 58 The subjects developed mania after 2-4 weeks of CPAP use. These patients required mood stabilizers or atypical antipsychotics to stabilize the manic episode, and it is clear that only 2 subjects continued with long-term CPAP use. The fifth case report concerns a female subject with a mixed manic and psychotic episode, who was treated with 12 sessions of ECT followed by CPAP and psychiatric drugs. 57 An additional case study by Weber examined the effect of adding 100 mg/day of topiramate to the existing drug regimen of a 50-year-old man with BD. 59 The topiramate resulted in a reduction of snoring and a decrease in apneas from 20.0/h to 6.6/h. There was no weight change observed during the course of treatment.
The systematic review did not identify any clinical trials which evaluated the impact of treating OSA on symptoms of BD. The 4 case studies on emergent mania during treatment with CPAP may not be indicative of the overall effect of treating OSA in individuals with BD, as there is a tendency to publish case reports on exceptional circumstances, not successful routine treatment. The successful use of topiramate, which falls outside the parameters of routine treatment for OSA, further illustrates the high likelihood that publication bias is present for OSA and BD. Randomized controlled trials (RCTs) are required to determine the impact of treating OSA on symptoms of BD.
Major Depressive Disorder: Five intervention studies were included concerning the treatment of subjects with depressive disorders and OSA ( Table 2 ; Table S12 , Appendix 2). [60] [61] [62] [63] [64] [65] [66] [67] A single study examined the effect UPPP on patients with a current major depressive episode (MDE). 60 At 6-month follow-up, the rate of current MDE had decreased to 10% from 34%, and hypersomnia decreased from 98% to 6%. Three studies examined the effect of CPAP in OSA in individuals with MDD. In all studies, CPAP reduced the severity of depression measured by the BDI and the Hamilton Rating Scale for Depression (HAM-D). Habukawa demonstrated that the decrease in BDI and HAM-D correlated with decreases in the Epworth Sleepiness Scale (ESS) score. 62 El-Sherbini reported resolution of MDD for 6 of 11 subjects with Structured Clinical Interview for DSM-IV Disorders diagnosed MDD. 63 The final study examined the effect of armodafinil in individuals with MDD or dysthymic disorder on stable antidepressant regimens and a stable CPAP regimen. [64] [65] [66] [67] The study showed that armodafinil resulted in minimal Clinical Global Impression of Change improvement over placebo and a significant decrease in ESS scores.
There is significant publication and clinical trial design bias present in the studies conducted in individuals with MDD and OSA. UPPP has only been evaluated in a single-open label trial which limits the generalizability of the conclusions of this study. The 3 trials on CPAP were also single-assignment, open-label trials that each had different inclusion criteria for OSA. In addition, Habukawa was the sole study that required concurrent antidepressant treatment. For all 4 single arm trials, the lack of comparison to a sham-control group or alternate active therapy makes it difficult to determine if the depressive symptoms respond to the specific treatment or to placebo effect. The fifth trial, Krystal, fulfills the criteria for a gold standard RCT; however, armodafinil is intended to treat symptoms of EDS secondary to OSA. This therapy may be of benefit to individuals who present with EDS and OSA, but it is not indicative of the effect of treating the primary OSA on symptoms of MDD. RCTs are required to determine the impact of treating OSA on symptoms of MDD.
anxiety diSorderS
Panic Disorder: A randomized, crossover, sham-controlled study of CPAP was conducted in individuals with panic disorder ( Table 2) . 68 In Takaesu, participants were randomized to 4 weeks CPAP, 4 weeks off, and 4 weeks of sham CPAP, or the same regimen with CPAP and sham CPAP reversed. At followup, individuals who underwent CPAP therapy showed reduction in panic attacks, symptom severity, and alprazolam use when compared to the sham treated subjects. The presence of a single study evaluating the impact of treating OSA on symptoms of panic disorder implies a high risk of publication bias; further RCTs are required to determine the impact of treating OSA in individuals with panic disorder.
Posttraumatic Stress Disorder: Four studies were identified concerning the treatment of OSA in subjects with PTSD ( Table 2; Table S13 , Appendix 2). [69] [70] [71] [72] All 4 studies that had a high RoB were retrospective analyses of subjects undergoing CPAP treatment. CPAP compliance was the primary outcome for all studies, which was lower in individuals with PTSD than controls. In El-Sohl, lack of CPAP adherence was associated with increased baseline nightmare severity and less baseline EDS. 70 Krakow, Collen, and Gharaibeh found that reduction in nightmare frequency was associated with CPAP compliance. 69, 71, 72 Two case reports concerning the treatment of OSA in PTSD were also identified ( Table 2) . 73, 74 Youakim reported a case of a 42-year-old male veteran with PTSD and severe OSA who was treated with CPAP, resulting in control of OSA symptoms, nightmare reduction, and improvement in PSTD symptoms. 74 Yarlagadda reported a case study of a 35-year-old male with DSM-IV PTSD and chronic pain treated with fluoxetine 20 mg/ day and lorazepam 0.5 mg as needed, resulting in OSA, weight gain, and hypertension. CPAP treatment was initiated in combination with lorazepam and antihypertensives. 73 The studies of the treatment of OSA in PTSD were all retrospective reviews. The primary outcome for 3 of 4 studies was CPAP compliance. While these studies had the advantage of being able to identify factors that determine CPAP compliance, they are less effective than randomized, prospective studies at examining the treatment impact on PSTD severity. The control groups of these studies were more clearly oriented around CPAP compliance than PTSD symptom reduction. Gharaibeh used non-compliant participants as controls, whereas El-Sohl and Collen employed a control group of individuals with OSA without PTSD. The Krakow, El-Sohl, and Gharaibeh studies also employed comparison to CPAP non-compliant participants who were unaware of their compliance scores to examine baseline and follow-up symptom severity, which helped control for the placebo effect to an extent. Prospective, controlled RCTs with PTSD severity scales as outcome measures are required to determine the impact of treating OSA on PTSD symptoms.
DISCUSSION
Summary of Evidence
The first goal of this systematic review was to determine if there are elevated levels of OSA in individuals with psychiatric disorders. The prevalence of OSA in the general population is 24% for men and 9% for women, using a definition of AHI ≥ 5 without EDS. 1, 2 Overall, there were insufficient reports on the prevalence of OSA in schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders to draw conclusions about the prevalence of OSA in psychiatric patients. There were two disorders, MDD and PTSD, in which the quantity of reports was higher, although the RoB for these studies was still moderate-high for all clinical populations. Despite the selection bias identified for the studied populations with MDD and PTSD, it appears that there is an elevated prevalence of OSA in these disorders. The median prevalence of OSA in MDD in eight clinical populations was 48.1% (range: 0% to 66%), which is substantially higher than the general population. In the populationbased samples, the range was 7.4% to 44%; however, the 7.4% prevalence for OSA in MDD is higher than the 3.3% prevalence of OSA in the total study population. The median prevalence of OSA in PTSD was 42.7% in seven clinic-based populations (range: 1.3% to 83%). Both population-based studies also identified an elevated prevalence of OSA in PSTD (range: 46.4% to 50%). In contrast, four clinical reports on the prevalence of OSA in BD have a median prevalence of 19.8%, which is within the range of the general population, despite a similarly wide range of prevalence of 2.9% to 66%. Due to the high RoB for these studies, future prevalence studies will be required to confirm the findings in MDD and PTSD and to begin to evaluate the prevalence of OSA in other psychiatric diagnoses.
The second goal of this review was to identify and evaluate interventions for OSA in individuals with psychiatric disorders. The systematic review found reports on the use of CPAP, UPPP, adenotonsillectomy, and armodafinil alone and in conjunction with psychopharmaceuticals in psychiatric populations. These studies were predominantly case studies, single assignment trials, and retrospective chart reviews with high RoB. The only RCT included was for the use of armodafinil in subjects with MDD. CPAP therapy had positive outcomes in all populations tested, except for BD. A series of case studies suggests that CPAP may be linked to the development of manic episodes in patients with BD, so these patients should be observed carefully in the first months of treatment. In MDD, single assignment trials of CPAP were associated with improved symptom severity and decreased EDS. In subjects with PTSD, CPAP reduced nightmare frequency and PTSD symptoms; however, PTSD was also a predictive factor for CPAP non-compliance. UPPP conducted in unmedicated subjects with MDD decreased hypersomnia by 92% and reduced current depression to 10% from 34%. The use of armodafinil in participants with a current major depressive episode in conjunction with an antidepressant resulted in improvement in subjective, but not objective symptoms of EDS. However, many of these results were obtained in studies without placebo or sham controls, so these conclusions are preliminary and indicate a need for further study. Due to the scarcity of studies evaluating the treatment of OSA in individuals and the high RoB for the included studies, RCTs are required to assess the efficacy of OSA treatment in individuals with psychiatric disorders.
Limitations
Overall, the systematic review reveals that the relationship between OSA and psychiatric disorders is an area requiring substantial further study. There are few studies examining OSA in individuals with clinically diagnosed psychiatric disorders. The available data are largely concentrated in patient populations with MDD or PTSD. This may be related to (1) the clinical observation that patients with OSA show increased depressive symptoms and (2) the interest of the military in the effective treatment of PTSD from a multisystem perspective.
The primary limitation of this systematic review is the overall quality of evidence. The RoB assessment was high for 78.9% of the included prevalence studies. In addition, there is substantial heterogeneity in study design for both prevalence and intervention studies with a lack of global agreement on the OSA and psychiatric diagnostic criteria. The retrospective studies for both prevalence and intervention are also further complicated by the use of lifetime psychiatric disorder diagnoses (as opposed to current episodes), which confounds the relationship between the severity of the psychiatric disorder and the presence and severity of OSA.
It is also apparent that many studies are conducted in samples of convenience, such as sleep clinic patient referrals with psychiatric diagnoses, psychiatric inpatients, or members of the military. While these studies present important preliminary findings, they are highly subject to publication bias. Populations selected from sleep clinic referrals for PSG due to reported symptoms of OSA are also subject to a selection bias. A sample that presents with clinical signs of OSA is significantly more predisposed to a high rate of OSA than a random sample of individuals with psychiatric disorders. Psychiatric inpatients have a selection bias due to their clinical status. Inpatients may have more severe psychiatric disorders than community dwelling individuals, which may increase the levels of obesity due to more expansive drug regimens that may contribute to metabolic syndrome. In addition, inpatients are likely to have a lower level of activity than community dwelling subjects due to the restrictions placed on their movements, which in turn could contribute to obesity and increased risk of developing OSA. The military population is primarily, if not exclusively, composed of male combat veterans and is the subject of the largest population-based study included in this review. This population may also have a different presentation of psychiatric disorders than the general population, as psychological testing a is a routine part of joining the armed forces and military personnel are exposed to different acute stressors than the general population.
The intervention studies are also subject to an overall high RoB. The scarcity of data is problematic, as the major interventions for OSA such as CPAP, adenotonsillectomy, UPPP, and wake-promoting drugs have not been studied in many psychiatric disorders. It is also problematic that many of these studies are single-assignment, open-label studies or retrospective chart reviews. In the absence of adequate sham or active controls, participant and personnel blinding, and randomization, it is difficult to determine if the improvement in psychiatric symptom severity is an effect of the treatment or the result of the placebo effect. Prospective, randomized controlled trials will be required to improve the quality of evidence to support the conclusions of these studies across all diagnoses.
CONCLUSIONS
The results of this systematic review point to limited evidence that OSA may be elevated in MDD and PTSD, with insufficient evidence to draw conclusions on any other DSM-IV-TR diagnoses for schizophrenia and other psychotic disorders, mood disorders, and anxiety disorders. This does not necessarily indicate the absence of elevated levels of OSA in these populations, but points to the necessity of further study.
A number of factors may play a role in the association between psychiatric disorders such as MDD and PTSD with OSA (Figure 2) . Oxidative and nitrosative stress, inflammation, and neurotransmitter imbalances play a role in all of the included psychiatric disorders. 75 This underlying molecular dysregulation manifests as psychiatric symptoms, but it also alters the neurobiological and endocrine function of these individuals, leading to the association of psychiatric disorders with obesity, diabetes, and cardiovascular disease. Psychiatric disorders have independent associations with obesity, metabolic syndrome, cardiovascular disease, and smoking, which are all independent predictors of OSA. [75] [76] [77] [78] [79] [80] [81] [82] Central nervous system (CNS) alterations in psychiatric disorders may also lead to an increased risk of OSA, as sympathetic hyperactivity and hyperarousal states and resultant sleep fragmentation may lead to upper airway instability, which may contribute to subsequent OSA. 83, 84 In chronic psychiatric disorders such as MDD and PTSD, it can be hypothesized that the severity of the dysfunction in each of these areas leads to slow and incremental increases in CNS activation and endocrine dysregulation. Eventually, as all of these changes affect homeostasis, the individual responds with further biological dysregulation, and the feed-forward process continues with a probable end result of metabolic syndrome, severe CNS dysregulation, and OSA.
The addition of psychiatric medication to correct the underlying molecular dysfunction and treat psychiatric symptoms may alleviate the issues in the CNS, but contributes to the further development of metabolic syndrome and possibly upper airway resistance as a result of extrapyramidal side effects, which in turn continue to stimulate the proposed feed-forward mechanisms leading to OSA. [85] [86] [87] The association between obesity and psychiatric medication is well known, 79,82,85,87,88 but the direct effects of these drugs on the upper airway and breathing during sleep are important factors. The tranquilizing effects of sleep medications and benzodiazepines may have direct effects on breathing during sleep which results in airway obstruction. [89] [90] [91] [92] [93] Atypical antipsychotics, a group of medications that are generally associated with fewer extrapyramidal side effects, have been associated with an increased AHI in a crosssection of psychiatric patients, even when compared to patients with similar BMI and neck circumference taking benzodiazepines, opioids, and sleeping agents. 86 This result points to an obesity independent effect of antipsychotics on OSA, possibly due to their extrapyramidal side effects.
The feed-forward mechanism proposed for the development of OSA (Figure 2) is a general hypothesis for the co-evolution of OSA in psychiatric disorders, and not all aspects will be present in every patient. Psychiatric disorders are associated with different types of neurobiological dysregulation that manifests as specific secondary effects. For example, HPA axis dysregulation is a prominent feature of PTSD and MDD, both of which appear to be associated with increased OSA. Anxiety disorders are associated with increased activity in the amygdala and insula, but only PTSD is correlated with additional decreased activity in the hippocampus, anterior cingulate cortex, and medial prefrontal cortex, which leads to a reduced ability to regulate the fear response. 94 This contributes to sympathetic hyperarousal during both sleep and wakefulness, and the hypervigilant states observed in PTSD and resultant sleep fragmentation, which may lead to instability of upper airways during sleep and upper airway resistance. In MDD, HPA axis dysregulation is a result of increased corticotrophin releasing hormone sensitivity, glucocorticoid resistance, and increased cortisol levels. 93, 95 The downstream effects of this dysregulation are more likely to manifest as metabolic syndrome. These are both examples of disorder specific HPA axis dysregulation that manifest differently, but which have feed-forward effects into sleep symptoms eventually manifesting as OSA.
The most clinically significant finding of this review is the importance of recognizing and treating OSA when it occurs in an individual with a psychiatric disorder. OSA results in chronic intermittent hypoxia and arousals from sleep leading to sleep fragmentation, which has been shown to cause neurocognitive and mood deterioration in otherwise mentally robust individuals. 96, 97 In psychiatric populations who already experience dysregulation of mood and possible neurocognitive deficits, it is likely that the same degree of hypoxic insult and sleep fragmentation may result in greater decompensation of the psychiatric disorder. Case study reports and clinical trials both suggest that the treatment of OSA with CPAP can help to reduce the need for psychopharmaceuticals, and to help clarify which symptoms originate from the primary psychiatric illness. Polysomnographic evaluation of treatment-resistant psychiatric patients (for example, MDD and PTSD) can be considered an excellent tool to determine if a sleep disorder is complicating a refractory psychiatric disorder. In cases where OSA is present, a combination of CPAP and pharmaceutical Each symptom cluster is an independent entry point to the cycle. If left untreated, the presence of a risk factor increases the likelihood of the synergistic development of more symptoms from each cluster, resulting in OSA. The bolded arrows denote the most salient associations in the model. treatment may result in greater therapeutic efficacy than traditional psychopharmacology alone.
Future studies on prevalence, incidence, and interventions need to be conducted to better ascertain the relationship between psychiatric disorder and OSA. There is a pressing need for additional population-based studies of OSA in community dwelling individuals with psychiatric disorders to allow for better comparison to the general population. Clinicians who wish to initiate trials of interventions for OSA in psychiatric population should consider sham or active comparator RCTs to better understand the impact of specific treatments in psychiatric populations. In light of the heterogeneity in study populations, participants in these studies should be diagnosed with OSA following the newly introduced ICSD-3 criteria, and the use of standard sleep outcomes should be encouraged to ensure that inter-study comparisons are possible in the future. Psychiatric diagnoses should continue to be made using a clinical interview following current DSM criteria, and validated psychiatric severity scales should be included as outcome measures, even where the primary trial goal is ascertaining compliance. This review reveals that there is a substantial opportunity to develop research projects to better understand the relationship between OSA and psychiatric disorders.
Review Article
APPENDICIES Appendix 1: Included and Excluded Studies
Table S1-PubMed search strategy. Participants from a population-based survey at high risk for OSA based on the BQ 
DSM-IV-TR Category ICD-9-CM Code Keywords
Appendix 2: Systematic Review Results
Age (mean ± SD) - - - - - - - - BMI (mean ± SD) - - - - - - - -
Diagnostic Criteria
Relevant Results
More individuals in the CPAP compliant group showed improvement in nightmare and PTSD symptoms. Participants in the NoTx group were more likely to stay the same or worsen.
Compliance was 41% in OSA+PTSD and 70% in OSA-PTSD PAP non-adherent veterans had a higher prevalence of nightmares than adherent subjects (56% vs. 28%). They were also less sleepy at baseline (ESS: 12. Nightmare frequency was reduced in both classes of OSA, and predicted by CPAP compliance. 
Overall Risk of Bias
